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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a light 
composite material which thoroughly shows inherent 
high thermal conductivity. 

SOLUTION: This composite material comprises vapor- 
phase epitaxy carbon- fiber and metal, and aluminum 
borate is added as a filler having wettability to the metal. 
The manufacturing method comprises forming a fiber 
layer consisting of vapor-phase epitaxy carbon fiber and 
aluminum borate, arranging the fiber layer, a filter, and 
metal in a pressure vessel, subsequently heating the 
metal to melt, while making the pressure vessel to be in 
a vacuum condition, and compression impregnating the 
molten metal into the fiber layer. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Composite material characterized by coming to add said metal and a wettability good filler in the 
composite material which consists of a vapor growth carbon fiber and a metal. 

[Claim 2] Composite material according to claim 1 characterized by for the above-mentioned metal being 
aluminum or an aluminium alloy, and the above-mentioned filler being boric acid aluminum. 
[Claim 3] Composite material according to claim 2 characterized by the above-mentioned boric acid aluminum 
being a boric acid aluminum whisker. 

[Claim 4] Composite material according to claim 1 to 3 with which the above-mentioned vapor growth carbon 
fiber is characterized by being a feathers-like fiber object. 

[Claim 5] The manufacture approach of the composite material which is made to carry out heating melting of the 
metal while moving to a container, forming the fiber layer which removes the account solvent of Gokami and 
consists of a vapor growth carbon fiber, laying a fiber layer, a filter, and a metal subsequently to in a pressurized 
container and making the inside of a pressurized container into a vacua subsequently after distributing a vapor 
growth carbon fiber and boric acid aluminum to a solvent, and is characterized by making this fiber layer carry 
out pressurization sinking in of the molten metal. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention makes a metal a matrix and relates to the composite-material technique 

of having a vapor growth carbon fiber as a filler. 

[0002] 

[Description of the Prior Art] Since aluminum or an aluminium alloy is excellent in thermal conductivity, it is used 
for a heat sink etc. and used for local cooling and heat dissipation of CPU etc. 

[0003] However, a note type device, a handheld computer device, etc. which cannot use a heat dissipation fan 
are miniaturized, and while the device lightweight-ized to the degree of pole is developed one after another, the 
calorific value in these devices is increasing with the increment in the number of clocks (clock frequency) etc. 
now. In order to satisfy these conflicting requirements, though it is lightweight, the ingredient excellent in thermal 
conductivity is called for. 

[0004] The aluminum or the aluminium alloy with which the carbon fiber was added as a filler as such a thing was 
known, and this invention persons have proposed the metal system composite material which used the vapor 
growth carbon fiber as a filler as an ingredient which has high thermal conductivity already especially. 
[0005] However, in such a vapor growth carbon fiber-aluminum system composite material, even if the adhesion 
between a metal and a carbon fiber was bad and provided means, such as reduced pressure, at the time of 
shaping, the small clearance (henceforth a "void ') occurred in the interface, and the outstanding thermal 
conductivity which should be obtained essentially was not obtained in fact in many cases. 
[0006] 

[Problem(s) to be Solved by the Invention] This invention improves a trouble, namely, aims lightweight at offering 

the composite material with which original high thermal conductivity is fully demonstrated.. 

[0007] 

[Means for Solving the Problem] The composite material of this invention is a composite material with which it 
comes to add said metal and a wettability good filler a passage according to claim 1 in the composite material 
which consists of a vapor growth carbon fiber and a metal in order to solve the above-mentioned technical 
problem. 

[0008] Moreover, a passage according to claim 5, after the manufacture approach of the composite material of 
this invention distributes a vapor growth carbon fiber and boric acid aluminum to a solvent, it is moved to a 
container. It is the manufacture approach of composite material of forming the fiber layer which removes the 
account solvent of Gokami and consists of a vapor growth carbon fiber, laying a fiber layer, a filter, and a metal 
subsequently to in a pressurized container, carrying out heating melting of the metal while making the inside of a 
-pressurized container into a vacua subsequently, and making this fiber layer carrying out pressurization sinking in 
of the molten metal. 
[0009] 

[Embodiment of the Invention] In order that the composite material of this invention may use a thermally 
conductive good vapor growth carbon fiber (henceforth "VGCF") extremely, when it considers as composite 
material, the outstanding thermal conductivity is obtained. 

[0010] Although the thing of the needle crystal called whisker is known by the vapor growth carbon fiber used 
with the composite material of this invention, it is single dimension-like [ these / a configuration ] and, generally 
the control of what needs to control the direction of orientation if in charge of shaping of the composite material 
used for three-dimensions-applications, such as heat dissipation, is difficult. 
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[001 1] The carbon fiber of continuous glass fibers similarly known as a carbon fiber of a single dimension 
configuration, such as a polyacrylonitrile system carbon fiber and a pitch based carbon fiber, in addition, chop- 
izing. Or although what was Mild-ized (it does not become powder completely even if it Mild-izes by the usual 
approach* but the configuration as fiber is maintained) has the same geometrical fault These are further 
compared with a vapor growth carbon fiber. Since thermal conductivity is low several steps (it is 1 - 600 w/mK 
extent at these PAN(s) system arid a pitch based carbon fiber to the heat conductivity of a vapor growth carbon 
fiber being 1500 w/mK extent), Even if it forms composite material with aluminum (thermal conductivity is 200 - 
270 w/mK), thermally conductive improvement is small. 

[0012] Moreover, in the composite material (refer to drawin g 7 ) which has the textiles which consist of a carbon 
fiber (a pitch based carbon fiber and a polyacrylonitrile system carbon fiber are known) of the conventional 
continuous glass fiber inside, it is two-dimensional in the direction of fiber, therefore thermal conductivity is also 
directive, and although it is good two-dimensional,-dimensional [ 1 ] or the thermal conductivity can be satisfied 
with three-dimensions-evaluation of thermal conductivity is not obtained. Furthermore, although the so-called 
use of 3D textiles (solid textiles) etc. is also possible, a difficult top, it is very expensive to consider as the pack 
density from which sufficient effectiveness is acquired, and such textiles do not have it. [ practical ] 
[0013] For this reason, it is desirable that it is the vapor growth carbon fiber which is a feathers-like fiber object 
as a vapor growth carbon fiber used with the composite material of this invention. Specific gravity is before and 
after 2.0 (the specific gravity of aluminum is 2.7). and the vapor growth carbon fiber which is a feathers-like fiber 
object here has branching (branching), has deflection by the location, has the vena contracta depending on the 
case, and twines itself or mutually, there is, and it serves as a fiber lump with an unfixed configuration of 0.03mm 
- 1 mm as a whole. 

[0014] Since the vapor growth carbon fiber which is a feathers-like fiber object has branching and heat conducts 
through that three-dimensions-network, when this thing is made into a filler, composite material with thermal 
conductivity good in three dimensions is obtained extremely. In addition, the transmission electron microscope 
photograph was shown for the scanning electron microscope photograph of the vapor growth carbon fiber which 
is the feathers-like fiber object which it has such deflection in drawing 1 and drawin g 2 , and there is vena 
contracta depending on the case, and twines [ oneself or ] each other in drawing 3 . 

[0015] The vapor growth carbon fiber which is such a feathers-like fiber object can be obtained by the almost 
same approach as a general needlelike vapor growth carbon fiber. That is, hydrocarbons, such as benzene, are 
made into carbon supply origin, and it carries out vapor growth under hydrogen existence, using iron as a 
nucleus. At this time, the vapor growth carbon fiber which is the feathers-like fiber object which it has branching 
(branching), and has deflection by the location, and there is vena contracta depending on the case, and twines 
itself or mutually can be obtained by changing conditions, such as temperature, ambient pressure force, and the 
hydrocarbon amount of supply of a raw material. At this time, two or more feathers-like fiber objects twine each 
other, and form the fiber lump. In addition, in producing a vapor growth carbon fiber conventionally, these 
conditions were set up so that what does not have branching, deflection, etc. might be obtained supposing using 
for the usual application, such as obtaining a mechanical strength. 

[0016] It is desirable that the meaning of this invention to thermal conductivity is high, and specific gravity's is 
low as a metal used as a matrix with the composite material of this invention. That is, aluminum, various 
aluminium alloys, magnesium, or a Magnesium alloy is mentioned. 

[0017] In the composite material of this invention, the wettability in the interface of a vapor growth carbon fiber 
and the metal which is a matrix also improves specifically by adding this metal and the wettability good filler 
other than the metal which is the vapor growth carbon fiber and matrix which are these fillers as the 2nd filler. 
Consequently, the thermal conductivity as a composite material also improves and various, still more mechanical 
engine performance improves remarkably. 

[0018] When the metal which is a matrix is aluminum or an aluminium alloy, it is desirable to use boric acid 
aluminum as these and a wettability good filler. Furthermore, homogeneity distribution is easy in boric acid 
aluminum being a whisker, and the effectiveness of this invention is uniformly acquired with the whole composite 
material of a product. Such a boric acid aluminum whisker can come to hand from Shikoku Chemicals etc. 
[0019] The composite material of this invention can be obtained as follows, for example. If the vapor growth 
carbon fiber which is a feathers-like fiber object is delicate, it is weak and stress works, it will collapse easily 
and a three-dimensions-network will be easy to be lost. Therefore, organic solvents (a mixed solvent may be 
used) (these are collectively called "solvent"), such as water or alcohols, and ketones, are distributed. The 
chemical which adds a metal and a wettability good filler and raises dispersibility, such as a surfactant, if needed 
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at this time is added. As the shape of a slurry It flows into the container which consists of porosity material (a 
filter paper or porosity ceramic) in which a pars basilaris ossis occipitalis has liquid permeability (refer to drawin g 
4 (a)), and a solvent is removed after that. Like drawing 4 (b) A matrix metal, the metal which the wettability 
good filler distributed, and a wettability good filler form the fiber layer which consists of a vapor growth carbon 
fiber which is a feathers-like fiber object. 

[0020} It moves to the container (pressurized container) with which the heater as shows this fiber layer to 
drawin g 4 (c) was formed and in which pressurization and decompression are possible. The pars basilaris ossis 
occipitalis (inside of drawing "base material ') of this pressurized container is dismountable so that it may 
mention later. 

[0021] The laminating of the metal (solid) is carried out the filter which consists of a porous material (here 
porosity ceramic) which has thermal resistance on such a fiber layer, and on this filter. Thus, after laying a fiber 
layer, a filter, and a metal in a pressurized container, Heating melting of the above-mentioned metal is carried 
out at the heater which is attached to a container while making the inside of a pressurized container into a 
vacua. After the molten metal which penetrated the filter is introduced in a container, the inside of a container is 
pressurized using inactive gas, argon gas, etc. to the molten metal and carbon used as a matrix (in this example, 
it pressurizes by argon gas), and a fiber layer is made to carry out pressurization sinking in, using molten metal 
as a matrix component. 

[0022] Then, heating at the heater of a container is stopped, a system is cooled, a metal is solidified, and the 
composite material which removes the base material of a container pars basilaris ossis occipitalis after 
radiationnal cooling, and consists of a vapor growth carbon fiber which is the acquired feathers~like fiber object, 
and a metal is taken out. 

[0023] Thus, by sinking in molten metal under the inactive-gas~pressure force, though the molten metal which is 
easy to oxidize is used, a good composite material is obtained. In addition, since the matrix metal and the 
wettability good filler other than a matrix metal and a vapor growth carbon fiber are added by this configuration, 
in it, wettability with the matrix metal of a vapor growth carbon fiber can improve by leaps and bounds, and in it, 
a good composite material which does not have an opening (void) in these both interface, either can be obtained. 

\-' [0024] In addition, without a matrix component increasing superfluously, since the composite material obtained in 
<■ order vertical movement within a pressurized container is possible for the above-mentioned filter and to keep 
' the space under it the optimal hardly produces destruction of the vapor-growth carbon fiber which is a feathers- 
like fiber object, either, the heat-conduction disposition top effectiveness by the vapor-growth carbon fiber 
which is this feathers-like fiber object, and lightweight-ized effectiveness can fully demonstrate it. 
[0025] Moreover, by changing the configuration of a base material and porous ceramics in the above, it can carry 
out to a ****** configuration, for example, the configuration where it was suitable as a heat sink, and post 
processing which prepares a configuration can be made unnecessary, or such post processing can be made easy. 

[0026] In addition, according to the manufacture approach of the above-mentioned composite material, 
conventionally, FRM (fiber reinforced metal) with the larger specific gravity of the matrix which was difficult to 
manufacture than the specific gravity of reinforcement can be obtained easily, and it excels in the dispersibility 
of a vapor growth carbon fiber then, and becomes an outstanding composite material with few voids with little 
dispersion in various engine performance (a heat-conducting characteristic, conductivity, reinforcement, 
elasticity, etc.) and directivity. In addition, the manufacture approach of the composite material concerning 
above-mentioned this invention is applicable also like manufacture of the composite material which makes a filler 
the usual vapor growth carbon fiber besides the vapor growth carbon, fiber which is a feathers-like fiber object. 
[0027] 

[Example] By the approach explained above here, the vapor growth carbon fiber which is a feathers-like fiber 
object 6 % of the weight, As a matrix metal, as a filler with good wettability with 88 % of the weight and aluminum, 
aluminum is used so that it may become 6 % of the weight about a boric acid aluminum whisker. Distribute the 
vapor growth carbon fiber and boric acid aluminum whisker which are a feathers-like fiber object, using ethyl 
alcohol as a solvent at the time of distribution, and it considers as the shape of a slurry. After the pars basilaris 
ossis occipitalis moved this to the container which consists of porosity material which has liquid permeability, 
the alcohol which remained was heated and evaporated and, subsequently to this invention, the composite 
material A of the example which starts in argon atmosphere was produced. Moreover, the wettability with 
aluminum produced the composite material B of the example of a comparison similarly, without adding good boric 
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acid aluminum. The cross section of these composite material A and B was observed with the electron 

microscope. The result at that time was shown in drawin g 5 (a) and drawin g 6 (a), respectively. 

[0028] In these drawin g 5 (a) and drawin g 6 (a), the highlights section (however, part except the photography 

data of these drawings lower part) is the void generated in the interface of fiber and a matrix. 

[0029] Here, drawing in which having performed the respectively same image processing as these drawin g 5 (a) 

and drawin g 6 (a), and having shown distribution of drawin g 5 (a) and the highlights section of drawin g 6 (a) by 

the sunspot is shown in drawin g 5 (b) and drawing 6 (b), respectively. In the composite material A applied to this 

invention with these Figs., he can understand that the void between fiber and a matrix has decreased extremely 

compared with the composite material B concerning the conventional technique. 

[0030] 

[Effect of the Invention] The composite material of this invention is a composite material excellent also in the 
mechanical strength which is lightweight, and has good thermal conductivity without directivity, and has a vapor 
growth carbon fiber as a filler, and can demonstrate the outstanding thermal conductivity perfectly. 
[0031] Moreover, even if the manufacture approach of the composite material of this invention uses a weak 
delicate filler smaller [ specific gravity ] than a matrix component, it is excellent in distribution of a filler and can 
obtain an outstanding composite material with little dispersion in various engine performance and directivity 
(fiber reinforced metal) without a void. 



[Translation done.] 
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TECHNICAL FIELD 

[Field of the Invention] This invention makes a metal a matrix and relates to the composite-material technique 
of having a vapor growth carbon fiber as a filler. 
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PRIOR ART 



[Description of the Prior Art] Since aluminum or an aluminium alloy is excellent in thermal conductivity, it is used 
for a heat sink etc. and used for local cooling and heat dissipation of CPU etc. 

[0003] However, a note type device, a handheld computer device, etc. which cannot use a heat dissipation fan 
are miniaturized, and while the device lightweightHzed to the degree of pole is developed one after another, the 
calorific value in these devices is increasing with the increment in the number of clocks (clock frequency) etc. 
now. In order to satisfy these conflicting requirements, though it is lightweight, the ingredient excellent in thermal 
conductivity is called for. 

[0004] The aluminum or the aluminium alloy with which the carbon fiber was added as a filler as such a thing was 
known, and this invention persons have proposed the metal system composite material which used the vapor 
growth carbon fiber as a filler as an ingredient which has high thermal conductivity already especially. 
[0005] However, in such a vapor growth carbon fiber-aluminum system composite material, even if the adhesion 
between a metal and a carbon fiber was bad and provided means, such as reduced pressure, at the time of 
shaping, the small clearance (henceforth a "void ") occurred in the interface, and the outstanding thermal 
conductivity which should be obtained essentially was not obtained in fact in many cases. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] The composite material of this invention is a composite material excellent also in the 
mechanical strength which is lightweight, and has good thermal conductivity without directivity, and has a vapor 
growth carbon fiber as a filler, and can demonstrate the outstanding thermal conductivity perfectly. 
[0031] Moreover, even if the manufacture approach of the composite material of this invention uses a weak 
delicate filler smaller [ specific gravity ] than a matrix component, it is excellent in distribution of a filler and can 
obtain an outstanding composite material with little dispersion in various engine performance and directivity 
(fiber reinforced metal) without a void. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] This invention improves a trouble, namely, aims lightweight at offering 
the composite material with which original high thermal conductivity is fully demonstrated. 
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MEANS 



[Means for Solving the Problem] The composite material of this invention is a composite material with which it 
comes to add said metal and a wettability good filler a passage according to claim 1 in the composite material 
which consists of a vapor growth carbon fiber and a metal in order to solve the above-mentioned technical 
problem. 

[0008] Moreover, a passage according to claim 5, after the manufacture approach of the composite material of 
this invention distributes a vapor growth carbon fiber and boric acid aluminum to a solvent, it is moved to a 
container. It is the manufacture approach of composite material of forming the fiber layer which removes the 
account solvent of Gokami and consists of a vapor growth carbon fiber, laying a fiber layer, a filter, and a metal 
subsequently to in a pressurized container, carrying out heating melting of the metal while making the inside of a 
pressurized container into a vacua subsequently, and making this fiber layer carrying out pressurization sinking in 
of the molten metal. 
[0009] 

[Embodiment of the Invention] In order that the composite material of this invention may use a thermally 
. conductive good vapor growth carbon fiber (henceforth "VGCF") extremely, when it considers as composite 
material, the outstanding thermal conductivity is obtained. 

[0010] Although the thing of the needle crystal called whisker is known by the vapor growth carbon fiber used 
with the composite material of this invention, it is single dimension-like [ these / a configuration ] and, generally 
the control of what needs to control the direction of orientation if in charge of shaping of the composite material 
used for three-dimensions-applications, such as heat dissipation, is difficult. ' 
[0011] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EXAMPLE 



[Example] By the approach explained above here, the vapor growth carbon fiber which is a feathers-like fiber 
object 6 % of the weight. As a matrix metal, as a filler with good wettability with 88 % of the weight and aluminum, 
aluminum is used so that it may become 6 % of the weight about a boric acid aluminum whisker. Distribute the 
vapor growth carbon fiber and boric acid aluminum whisker which are a feathers-like fiber object, using ethyl 
alcohol as a solvent at the time of distribution, and it considers as the shape of a slurry. After the pars basilaris 
ossis occipitalis moved this to the container which consists of porosity material which has liquid permeability, 
the alcohol which remained was heated and evaporated and, subsequently to this invention, the composite 
material A of the example which starts in argon atmosphere was produced. Moreover, the wettability with 
aluminum produced the composite material B of the example of a comparison similarly, without adding good boric 
acid aluminum. The cross section of these composite material A and B was observed with the electron 
microscope. The result at that time was shown in drawing 5 (a) and drawin g 6 (a), respectively. 
[0028] In these drawin g 5 (a) and drawin g 6 (a), the highlights section (however, part except the photography 
data of these drawings lower part) is the void generated in the interface of fiber and a matrix. 
[0029] Here, drawing in which having performed the respectively same image processing as these drawing 5 (a) 
and drawin g 6 (a), and having shown distribution of drawing 5 (a) and the highlights section of drawin g 6 (a) by 
the sunspot is shown in drayvLng^S (b) and drawLng J| (b), respectively. In the composite material A applied to this 
invention with these Figs., he can understand that the void between fiber and a matrix has decreased extremely 
compared with the composite material B concerning the conventional technique. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawing 1] It is the scanning electron microscope photograph of the vapor growth carbon fiber which is a 
feathers-like fiber object. 

[Drawing 2] They are other scanning electron microscope photographs of the vapor growth carbon fiber which is 
a feathers-like fiber object. 

[ Dr a win g 3] It is the transmission electron microscope photograph of the vapor growth carbon fiber which is a 
feathers-like fiber object. 

[Drayving 4^^ It is drawing showing an example of the approach of producing the composite material of this 
invention. 

(a) It is drawing (model Fig.) showing the condition of filling a container with the slurry which distributed to the 
solvent the vapor growth carbon fiber which is a feathers-like fiber object. 

It is drawing (model Fig.) showing that the fiber layer which consists of a vapor growth carbon fiber which is a 
feathers-like fiber object within the container of (b) and (a) was formed. 

(c) It is the model sectional view showing the condition of infiltrating molten metal into the above-mentioned 
fiber layer. 

(d) It is drawing (model Fig.) showing the composite material (composite material which consists of a vapor 
growth carbon fiber which is a feathers-like fiber object, and a metal) concerning this invention. 
[ Drawin g 5] (a) It is the electron microscope photograph of the cross section of the composite material A 
concerning this invention. 

It is drawing having shown distribution of the highlights section (it is a void except photography data division) of 

(b) and (a). 

[ Drawin g 6] (a) It is the electron microscope photograph of the cross section of the composite material B 
concerning the conventional technique. 

It is drawing having shown distribution of the highlights section (it is a void except photography data division) of 
(b) and (a). 

[ Drawin g 7] It is drawing (model Fig.) showing the composite material which has as a filler the textiles which 
consist of a continuous glass fiber carbon fiber. 



[Translation done.] 
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